INTRODUCTION
============

Liver hemangioma, the most common benign liver tumor, can usually be managed safely by clinical observation.[@B1],[@B2] However, in a subset of patients with giant hemangioma of diameter \>4 or 5 cm,[@B3] surgical treatment is justified in high-volume centers if clinical symptoms are present.[@B4],[@B5]

The resection of hemangioma demands meticulous surgical technique due to high vascularity and the concomitant risk of intra-operative hemorrhage. Compared to open surgical resection, laparoscopic resection offers many advantages, such as decreased blood loss, shorter hospital stay, improved cosmetic results, and early return to normal life.[@B6] The currently acceptable indications of laparoscopic liver resection are patients with solitary lesions of ≤5 cm diameter located in liver segments 2 to 6. According to The Louisville Statement, giant liver hemangioma (\>5 cm diameter) is relatively contraindicated for laparoscopic liver resection.[@B7]

Laparoscopic resection of giant hemangioma has been reported previously. However, it has only been reported anecdotally.[@B8] Hemangiomas are more frequent in female patients as benign tumors. Patients requiring surgical treatment would benefit greatly from laparoscopic resection of giant hemangioma if feasible. The aim of this study was to evaluate the feasibility of laparoscopic liver resection for giant hemangioma \>6 cm in diameter.

MATERIALS AND METHODS
=====================

Nine patients (8 females and 1 male) with giant liver hemangioma were referred for liver resection between August 2008 and December 2012. Medical records of patients were retrospectively reviewed for demographic data, laboratory findings, hemangioma size, operation type, operation time, estimated blood loss and perioperative transfusion, complications, and hospitalization duration. Perioperative complications and mortality were assessed over a postoperative period of 6 months.

All but 1 patient (wedge resection) underwent anatomically oriented liver resection. Inflow control of the \'to be resected section\' was performed (except for the wedge resection) to reduce the size of the tumor and prevent massive bleeding in case of accidental tearing of the hemangioma. Routine Pringle maneuver was not performed. Such a maneuver was only needed to minimize intraoperative blood loss and ease the operative procedures. Decompression of the hemangioma after resection and prior to retrieval was performed in the last 2 cases to reduce the size of the incision and ease the retrieval of the mass. Total laparoscopic method was the approach in every operation.

RESULTS
=======

The preoperative characteristics of the patients were summarized in [Table 1](#T1){ref-type="table"}. The median size of hemangioma was 11 cm in diameter (range, 6 to 18 cm) and included hemangioma \>10 cm in 5 patients. Indications for surgical treatment in patients were abdominal symptoms in 4 (44.4%), which included dyspepsia, abdominal discomfort, epigastric pain, nausea, and vomiting. Surgical treatment was indicated in 5 (55.5%) patients due to the increasing size of the hemangioma. Diagnosis was uncertain in 1 (11.1%) patient. Hemangiomas with increasing size were 11-18 cm, with a mean increment of 1.67 cm per year.

Laparoscopic right hepatectomy was performed in 4 patients. Four patients received left lateral sectionectomy. One patient underwent wedge resection. The median operation time was 522 minutes (range, 422 to 605 minutes) for right hepatectomy, 220 minutes (range, 144 to 271 minutes) for left lateral sectionectomy, and 90 minutes for wedge resection. The operative and postoperative results were described in [Table 2](#T2){ref-type="table"}. The median estimated blood loss was 400 ml (range, 50 to 900 ml). No patient required blood transfusion. Incision type for specimen retrieval was individually determined based on the previous operation scar and hemangioma size. Pfannenstiel incision, umbilical camera port incision extension, and previous cesarean-section incision were performed on 4, 3, and 2 patients, respectively ([Fig. 1](#F1){ref-type="fig"}). Decompression of hemangiomas during retrieval was performed to decrease the size of incision ([Fig. 2](#F2){ref-type="fig"}). The last 2 cases were performed with decompression. An incision of 8 cm was made on a 13 cm sized giant hemangioma. The incision size was 10 cm for an 18 cm hemangioma. There was no postoperative complication or perioperative mortality, including a Clavien-Dindo classification of surgical complication grade I. The median hospitalization duration was 11 days (range, 6-18 days). There was no correlation between hospitalization duration and the type of operation.

DISCUSSION
==========

Over the last 2 decades, laparoscopic surgery has evolved to become the preferred approach for many abdominal procedures. Compared to open surgical resection, laparoscopic surgery has several advantages, such as decreased blood loss, shorter hospital stay, improved cosmetic results, and early return to normal life.[@B6],[@B8] Multiple series have reported on the safety and efficacy of laparoscopic liver surgery. Small and medium sized procedures have become commonplace in many centers. Major laparoscopic liver resections have been performed in highly specialized centers with the same efficacy and safety as open surgery.[@B8]

Liver hemangioma is a benign tumor. Many studies have demonstrated that clinical observation of patients with giant hemangioma is the standard treatment option in most patients.[@B2] Nevertheless, surgical resection is indicated for patients who have acceptable surgical risk, who have lesions for which a diagnosis is equivocal despite appropriate preoperative evaluation, and who have rapidly increasing sized lesions that cause Kasabach-Merritt syndrome.[@B9] Open enucleation is preferred as a curative treatment by most surgeons, because in open enucleation, maximum amount of normal liver parenchyma is preserved, blood loss is limited, and the risk of bile leak is decreased.[@B10] However, massive blood loss remains a problem for large hemangiomas of \>10 cm diameter and for centrally located liver hemangiomas.[@B11]

Laparoscopic resection of hemangioma was not recommended as a surgical treatment due to high vascularity and the concomitant risk of intra-operative hemorrhage. Therefore, anatomic liver resection was the chosen method of liver resection in our series with the exception of 1 case in which wedge resection could be easily performed. Safety and efficacy were well demonstrated by median estimated blood loss of 400 ml, no requirement of perioperative blood transfusion and no postoperative complication. Minor surgical complications such as wound infection of grade I or II are documented in a series of resection. However, we had no such minor complications, supporting the minimally invasive nature of the laparoscopic approach.

Two essential operative techniques enhance the feasibility and the outcome. First, it is essential to control the inflow to the section of the liver that has the hemangioma, in the early period of the operation. This step, not only decreases the potential for massive bleeding from the hemangioma, but also increases surgical visibility by decreasing the giant hemangioma, thus making the surgical procedure much easier. The Pringle maneuver should also be performed in a flexible manner to further decrease the amount of bleeding. The second technique is the decompression of hemangioma during retrieval. Hemangioma is a benign disease. Its size can be greatly reduced by extraction of blood inside the tumor and the size of incision was also reduced.

In conclusion, the resection of giant hemangioma demands meticulous surgical technique due to their high vascularity and the concomitant risk of intra-operative hemorrhage. Although laparoscopic approach for tumors \>5 cm has not been previously recommended, our results suggested that laparoscopic liver resection may be considered as an option for surgical treatment for giant hemangioma contingent on some surgical precautions and the experience of the surgeon.
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Characteristics of patients
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AST, aspartate aminotransferase; ALT, alanine aminotransferase.

^\*^Lung cancer (n=1) and gastric cancer (n=1). ^\*\*^One patient had abdominal symptom and tumor enlargement
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Operative and postoperative results
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^\*^Including Clavien-Dindo classification of surgical complication grade I
